Background Adalimumab is approved for the treatment of hidradenitis suppurativa (HS), plaque psoriasis, and other inflammatory conditions. Objective Our objective was to examine the safety of adalimumab administered every other week (EOW) and every week (EW) in patients with HS and psoriasis and to investigate informative data from non-dermatologic indications. Methods The safety of adalimumab 40-mg EOW versus EW dosing was examined during placebo-controlled and open-label study periods in patients with HS (three studies), psoriasis (two studies), Crohn's disease (six studies), ulcerative colitis (three studies), and rheumatoid arthritis (one study).
Abstract
Background Adalimumab is approved for the treatment of hidradenitis suppurativa (HS), plaque psoriasis, and other inflammatory conditions. Objective Our objective was to examine the safety of adalimumab administered every other week (EOW) and every week (EW) in patients with HS and psoriasis and to investigate informative data from non-dermatologic indications. Methods The safety of adalimumab 40-mg EOW versus EW dosing was examined during placebo-controlled and open-label study periods in patients with HS (three studies), psoriasis (two studies), Crohn's disease (six studies), ulcerative colitis (three studies), and rheumatoid arthritis (one study).
Results No new safety risks or increased rates of particular adverse events (AEs) were identified with EW dosing. In patients with HS or psoriasis, the overall safety of adalimumab 40-mg EOW and EW was generally comparable. In studies of adalimumab for non-dermatologic indications, including Crohn's disease, ulcerative colitis, and rheumatoid arthritis, the overall AE rates were similar for EW and EOW dosing. Conclusion In patients with HS or psoriasis, the safety of adalimumab EW and EOW was comparable and consistent with the expected adalimumab AE profile. The safety of adalimumab EW dosing in patients with dermatologic conditions is supported by data comparing adalimumab EW and EOW dosing for Crohn's disease, ulcerative colitis, and rheumatoid arthritis. Trial registration ClinicalTrials.gov  NCT00918255,  NCT01468207,  NCT01468233,  NCT00645814,  NCT00077779,  NCT00055497,  NCT01070303,  NCT00195715, NCT00348283, NCT00385736, NCT00408629, and NCT00573794.
Introduction
Hidradenitis suppurativa (HS) is a chronic painful skin disease characterized by abscesses, nodules, and scarring predominantly in the axillary and groin regions [1] . Prevalence estimates for HS range from 0.05 to 4% [2] [3] [4] . Elevated concentrations of tumor necrosis factor (TNF) have been found in the serum and skin lesions of patients with HS [5, 6] and psoriasis [7, 8] .
Adalimumab is a fully human, highly specific anti-TNF monoclonal antibody approved for the treatment of moderate to severe HS and chronic plaque psoriasis [9, 10] . Adalimumab is also indicated by the US FDA and the European Medicines Agency for the treatment of rheumatoid arthritis, ankylosing spondylitis, adult and pediatric Crohn's disease, juvenile idiopathic arthritis, psoriatic arthritis, ulcerative colitis, and uveitis [9, 10] .
For patients with HS, the recommended dosage of adalimumab is an initial dose of 160 mg followed by an 80-mg dose 2 weeks later and subsequent 40-mg doses every week (EW) thereafter. For adult patients with psoriasis, the recommended adalimumab dosage is an initial dose of 80 mg, followed by subsequent 40-mg doses every other week (EOW) starting 1 week after the initial dose [9] . The dosing recommendation for adult plaque psoriasis was updated in the EU in 2015 to state that patients with inadequate response with EOW dosing may benefit from an increase in dosing frequency to 40 mg EW after 16 weeks [9, 11] .
The objective of this analysis was to examine the safety of adalimumab 40 mg EOW and EW in patients with HS or psoriasis during placebo-controlled and extended open-label study periods and to explore complementary data from other indications (Crohn's disease, ulcerative colitis, and rheumatoid arthritis) for which direct comparisons of safety data from EOW and EW dosing in the same study were available.
Methods

Study Designs
Hidradenitis Suppurativa
Adalimumab was evaluated for the treatment of HS in a phase II, double-blind, placebo-controlled trial (NCT00918255) [12] and two phase III, double-blind, placebo-controlled trials (PIONEER I [NCT01468207] and II [NCT01468233]) [13] . In the phase II study, patients were randomly assigned 1:1:1 to receive 16 weeks of treatment with placebo, adalimumab 40 mg EOW, or adalimumab 40 mg EW. In the phase III studies, patients with moderate to severe HS received adalimumab 40 mg EW or placebo in period A for 12 weeks. In period B, patients who received adalimumab 40 mg EW in period A were re-randomized to receive adalimumab 40 mg EOW, 40 mg EW, or placebo for 24 weeks; data from these patients directly comparing adalimumab EOW or EW and placebo were included in this analysis (Fig. 1a) .
Psoriasis
The safety of adalimumab was assessed in a phase II, randomized, double-blind, placebo-controlled trial in adults with moderate to severe chronic plaque psoriasis (NCT00645814) [14] . In this trial, patients were randomized 1:1:1 to receive placebo, adalimumab 40 mg EOW, or adalimumab 40 mg EW for 12 weeks followed by a 48-week extension phase (Fig. 1b) ; only data from the initial 12-week, double-blind placebo-controlled period directly comparing EOW and EW dosing and placebo were included in this analysis.
Patients completing the extension and patients from other phase II/III studies of adalimumab [14] [15] [16] [17] [18] were eligible for enrollment in another study (NCT00195676) [19] , in which adults with moderate to severe chronic plaque psoriasis received open-label adalimumab EOW or EW for up to 252 weeks (Fig. 1c) . In this study, patients received adalimumab 40 mg EOW for 24 weeks. From weeks 24 to 252, patients with\50% improvement in Psoriasis Area and Severity Index (PASI) score could escalate their dose to adalimumab 40 mg EW. Patients who achieved C 75% improvement in PASI score were de-escalated to adalimumab 40 mg EOW but were eligible to be re-escalated to EW dosing if PASI improvement fell to\50%. Patients who reescalated could not de-escalate their adalimumab dose for the remainder of the study. Data after dose de-escalation to adalimumab 40 mg EOW were not included in this analysis (Fig. 1c 
Other Indications
Three double-blind, placebo-controlled studies, including two in Crohn's disease (NCT00077779 [20] and NCT00055497 [21] ) and one in rheumatoid arthritis [22] , compared the safety of placebo, adalimumab 40 mg EOW, and adalimumab 40 mg EW; the designs and results of these studies have been reported previously [20] [21] [22] . The safety of open-label adalimumab 40 mg EOW versus 40 mg EW was assessed in seven studies, including four in Crohn's disease (NCT00077779 [20] , NCT00055497 [21] / NCT01070303, NCT00195715 [23] , and NCT00348283 [24] ) and three in ulcerative colitis (NCT00385736 [25] , NCT00408629 [26] , and NCT00573794). Dose escalation to open-label 40-mg EW dosing was performed in patients with sustained non-response to treatment or recurrent disease flare.
Statistical Methods
Adverse events (AEs) are presented as number of events and rate of events per 100 patient-years (E/100 PY). Treatment-emergent AEs were defined as any AE with an onset date on or after first dose of study medication in the study period and up to 70 days after the last dose of study medication.
Patients provided informed consent, and individual study protocols were approved by independent ethics committees or institutional review boards at each site.
Results
Disposition of the Patients
For HS, this analysis included 153 patients with data from the phase II study and 300 patients with data from period B of the two phase III HS studies. Baseline demographic characteristics were generally similar between the placebo, EOW, and EW groups, except for a higher percentage of White patients in the EW group in the pooled phase III data (P = 0.016 between groups; Table 1 [27] ).
In the phase II psoriasis trial, 52 patients received placebo, 45 adalimumab 40 mg EOW, and 50 adalimumab 40 mg EW. Most patients (140/147 [95%]) completed the 12-week double-blind period. In the long-term open-label extension psoriasis study, 1256 patients received EOW dosing between weeks 1 and 24, and 907 patients continued EOW dosing throughout the study; 349 escalated to EW dosing at or after week 24 ( Fig. 1c) . Of these 349 patients, 182 continued on EW dosing and 167 de-escalated to EOW dosing, with 83 of these patients re-escalating to EW dosing and 84 continuing with EOW dosing. Exposure was determined based on the time that patients were receiving each dosing regimen. Baseline demographic and disease characteristics were generally similar between the placebo, EOW, and EW groups in the double-blind, placebo-controlled trial and between the open-label EOW and EW populations ( Table 2) . 
Duration of Exposure to Adalimumab Treatment
In the phase II HS study, exposure to adalimumab was similar across treatment groups. In the phase III HS studies, exposure to adalimumab during period B was similar in the placebo and EOW groups but slightly longer in the EW group (Table 3) . In the psoriasis studies, exposure to adalimumab was similar in all treatment groups in the placebo-controlled analyses; during the open-label study, EOW exposure to adalimumab was longer than EW exposure.
Safety
Dermatologic Conditions
During the phase II trial in patients with HS, AE frequency was higher with adalimumab than with placebo but similar with adalimumab EW and EOW dosing ( Table 4) . The rates of AEs leading to discontinuation, serious AEs (SAEs), and infections were also similar between the EOW and EW groups; serious infections included one event with EOW dosing and two events with EW dosing. There were no deaths or cases of tuberculosis or opportunistic infection. There was one report of vocal cord neoplasm in the Data are presented as n (%) or mean ± standard deviation EOW every-other-week dosing of adalimumab, EW every-week dosing of adalimumab, PBO placebo, PGA Physician Global Assessment adalimumab EW group. There were two cases of new-onset/worsening psoriasis in the placebo group compared with none in the adalimumab groups. The incidence rate of injection-site reactions was higher in the EW group than in the EOW group; however, one patient in the EW group reported 8 of 11 events.
In the phase III pooled data in patients with HS, rates of any AE during period B with adalimumab EOW and EW and placebo were similar (Table 4) . SAEs occurred more frequently with adalimumab EOW and EW than with placebo, whereas AEs leading to discontinuation occurred at similar rates across the three groups. Rates of infections in the EOW and EW groups were similar. No cases of opportunistic infection or tuberculosis and one event of non-melanoma skin cancer in the EOW dosing group were reported. There were three cases of new-onset/worsening psoriasis in the EW group compared with one each in the EOW and placebo groups. The incidence rate of injection site reactions was similar in the three groups.
In the phase II psoriasis study, the overall incidence of AEs and SAEs was higher in the EW group than in the EOW or placebo groups (Table 5) . Few AEs leading to discontinuation occurred in the EOW (two events) and EW (three events) groups. The rate of infections was higher in the adalimumab EW group than in the EOW group. The incidence rate of worsening/new-onset psoriasis was highest in the placebo group, and the rate of injection-site reactions was highest in the EW group; other AEs of interest occurred at low, similar rates between the groups.
During the open-label study, the rates of any AE and SAEs were similar between the EOW and EW dosing groups ( Table 5 ). The rate of discontinuation due to an AE was higher with adalimumab EW than with adalimumab EOW. Because of the much larger exposures in the EOW group (2787.2 PY vs. 222.4 PY for EW), comparisons of other AEs of interest should be made with caution; however, the overall safety profile was similar in the EOW and EW groups. Excluding lymphoma and NMSC in the phase II study and lymphoma, NMSC, melanoma, leukemia, and hepatosplenic T-cell lymphoma in the phase III pooled data
Non-Dermatologic Conditions
In placebo-controlled Crohn's disease studies, rates of any AE, SAEs, AEs leading to discontinuation, infections, serious infections, and other AEs of interest were similar between the EOW and EW groups (Table 6 ). In the placebo-controlled rheumatoid arthritis study, rates of any AE and SAEs were also similar between EOW and EW groups; AEs leading to discontinuation occurred more often in the EOW group than in the EW group. In the rheumatoid arthritis studies, infections and serious infections occurred at similar rates with EOW and EW dosing. Other AEs of interest also occurred at similar rates in the EOW and EW groups.
In the open-label portions of the Crohn's disease and ulcerative colitis studies, the incidence rates of overall AEs, SAEs, and infections were higher in the EW groups than in the EOW groups (Table 7) . However, there was no consistent trend for higher incidence rates in the EW dosing groups for other AEs of interest, including the rate of injection-site reactions, which was similar in the EW and EOW groups. In these studies, patients escalated to EW dosing for sustained non-response to treatment or recurrent disease flare.
Discussion
Adalimumab has a well-established safety profile across multiple indications based on more than 57,000 PY of exposure in clinical trials and postmarketing data [28] [29] [30] [31] [32] . The current analysis adds to the safety profile of adalimumab and demonstrates that, in adult patients with HS or psoriasis, the overall safety of 40-mg EOW and EW dosing regimens was comparable and consistent with the expected safety profile of adalimumab. The rates of AEs in the adalimumab EW and EOW dosing groups were similar in the studies for dermatologic indications, except the phase II psoriasis study, in which the overall rates of AEs and SAEs were higher in the EW group than in the EOW group. However, it should be noted that the PY of exposure in the psoriasis open-label extension were limited and were greater in the EOW group than in the EW group. There were few SAEs in the 12-week double-blind treatment period (three or fewer events in any treatment group); consequently, the observation of higher rates of AEs in the EW group may have been a chance finding. No new safety risks were identified with adalimumab EW dosing in the HS and psoriasis clinical development programs. Any AE leading to discontinuation 1 (8. In the placebo-controlled studies of adalimumab for non-dermatologic indications, including Crohn's disease and rheumatoid arthritis, overall AE rates were similar for EW and EOW dosing. In the open-label Crohn's disease and ulcerative colitis studies, the patients who received EW dosing had escalated their dose due to sustained non-response to treatment or recurrent disease flares, which likely contributed to a higher rate of overall AEs and SAEs, particularly gastrointestinal-related events and other events that may be associated with worse underlying inflammatory bowel disease [20, 21, [23] [24] [25] [26] .
In addition, the majority of patients in the Crohn's disease, ulcerative colitis, and rheumatoid arthritis studies were receiving concomitant therapies, such as corticosteroids or other immunosuppressant therapies, which also may have confounded the results [20] [21] [22] [23] [24] [25] [26] . Nevertheless, there was no clear or consistent trend between dosing frequency and the rates of other AEs of interest for adalimumab in the non-dermatologic indication studies.
The product labeling for adalimumab recommends 40-mg EW dosing for patients with HS and 40-mg EOW dosing for patients with moderate to severe plaque psoriasis after the initial loading dose(s). The European Medicines Agency approved an amendment to the adalimumab psoriasis dosing in 2015 based on additional data [11] . Specifically, ''Beyond 16 weeks, patients with inadequate response may benefit from an increase in dosing frequency to 40 mg every week'' [10] . In patients with an inadequate response after the increased dosing frequency, the benefit-to-risk ratio should be reconsidered; in patients subsequently achieving an adequate response, the dosage may be reduced to 40 mg EOW. Based on the findings from this analysis, no new safety concerns were identified with adalimumab EW dosing compared with EOW dosing.
Overall, across all the studies examined, there was no clear trend of specific AEs occurring at a greater frequency with EW dosing versus EOW dosing. However, limitations of the analysis include a short study duration for placebocontrolled portions of the studies and small numbers of patients or imbalances in PY of exposure in some analysis groups. Patients with HS received adalimumab 40 mg EW for 12 weeks before entering period B of the phase III studies, possibly resulting in some selection bias for patients who were already tolerating adalimumab EW dosing to continue into period B. However, in the phase II, 16-week HS study in which patients had no prior adalimumab treatment, the overall safety of double-blind treatment with adalimumab was similar for patients receiving EW or EOW dosing [12] . In addition, because dose escalation in some studies was initiated in response to inadequate disease control, patients whose dose was escalated may represent a different patient population than 
Conclusion
In this analysis of available safety data from EW and EOW dosing in patients with HS or psoriasis, the overall safety of adalimumab EW and EOW dosing regimens was comparable and consistent with the expected AE profile of adalimumab. The safety of EW adalimumab dosing in patients with dermatologic conditions is supported by data from studies comparing EW and EOW dosing of adalimumab for non-dermatologic indications, including Crohn's disease, ulcerative colitis, and rheumatoid arthritis.
Ethical standards All procedures performed in studies involving human participants were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards. 
